Abstract.-C a r r i e r d r i f t s t u d i e s on submicron t h i c k a-Si a l l o y s sandwiched between blocking metal and i n j e c t i n g c o n t a c t s r e v e a l anomalous behavior. Using a pulsed e x t e r n a l f i e l d and a tuneable-pulsed, nano-second l a s e r , we observe t h a t t h e t r a n s i e n t photo c u r r e n t cannot be explained by t h e c u r r e n t response of a s h e e t of d r i f t i n g charges. The non d r i f t c o n t r i b u t i o n s appear t o o r i g i n a t e from t h e time dependent r e l a x a t i o n of t h e Schottky b a r r i e r a s a r e s u l t of t h e photo e x c i t a t i o n . This e f f e c t i s more obvious i n t h e small forward b i a s (2+1.0 v o l t s ) mode, when a r e v e r s a l of t h e photo response i s obtained. Also, we have devised a novel technique t o determine t h e j u n c t i o n p o t e n t i a l p r o f i l e . T h i s i s done by measuring t h e e x t e r n a l f i e l d r e q u i r e d t o n u l l t h e i n i t i a l photo c u r r e n t a s a f u n c t i o n of t h e e x c i t a t i o n wave l e n g t h (hence, t h e p e n e t r a t i o n d e p t h ) .
We a d d r e s s t h e q u e s t i o n of t h e discrepancy between t h e r e p o r t e d d r i f t m o b i l i t y v a l u e s between t h i n (<11~m) and t h i c k (>lpm) samples i n a -s i a l l o y s (1). Recently our r e s u l t s (2) of t r a n s i e n t photo-current measurements i n t h i n a-Si:H:F f i l m s showed a non-transport component i n t h e photo response. These s i g n a l s may e a s i l y b e m i staken a s bona f i d e t r a n s i e n t p u l s e s and from which one would d e r i v e erroneous v a l u e s f o r t h e mobility.
I n t h e p r e s e n t paper we a n a l y z e s i m i l a r d a t a i n S i l a n e samples. Also, we w i l l r e p o r t on t h e r e s u l t s of simple measurements which y i e l d t h e p o t e n t i a l p r o f i l e i n t h e Schottky b a r r i e r between a m e t a l c o n t a c t and a-Si:H.
These d a t a were obtained v i a t h e technique discussed by Datta and S i l v e r ( 3 ) .
The d e t a i l s of our photo-injection and t r a n s i e n t measurements have been des c r i b e d i n r e f e r e n c e ( 2 ) . B r i e f l y , t h e c a r r i e r s were c r e a t e d by l a s e r e x i t a t i o n s of about 6 nS d u r a t i o n a t 1 0 HZ i n a sub-micron t h i c k a-Si:H (W d e p o s i t e d ) l a y e r sandwiched between blocking m e t a l and l n j e c t i n g c o n t a c t s .
For t h e d r i f t experiment t h e l a s e r wave l e n g t h was chosen t o b e 500nm, but f o r p o t e n t i a l p r o f i l i n g t h e wave l e n g t h was v a r i e d between 450nm and 600nm, i n a number of convenient d i s c r e t e s t e p s . The photon f l u x was a d j u s t e d such t h a t t h e i n i t i a l peak s i g n a l v a r i e d d i r e c t l y w i t h t h e l i g h t i n t e n s i t y . Fig. 1 shows t h e t r a n s i e n t s i g n a l s f o r a-Si:H.
The t o p curve i s t h e response f o r l . O V , and the'middle curve is t h a t f o r 0.5V.
Both t h e s e p u l s e s have t h e g e n e r a l appearance of t h e previously r e p o r t e d d r i f t s i g n a l s by T i e d j e ( l ) , namely a r e l at i v e l y f l a t t o p followed by a f a s t decay. The break o r knee of t h e curve, is normally taken t o makr t h e a r r i v a l of t h e d r i f t i n g charges a t t h e c o l l e c t i n g e l e c t r o d e . The slow i n i t i a l r i s e i s u n i v e r s a l l y observed i n t h e s e m a t e r i a l s and i s due t o a slow r e l e a s e of c a r r i e r s from n e a r s u r f a c e t r a p s , S i l v e r ( 4 ) . The lowest curve i s a rep l o t of T i e d j e ' s 1.OV d a t a f o r a 3.5 pm t h i c k a-Si:H sample. Notice, t h a t on a n abs o l u t e time s c a l e t h e r e s u l t s of our measurements a r e t h e same a s t h o s e obtained by Tiejge; notwithstanding, t h e almost 9:l r a t i o i n t h e specimen t h i c k n e s s . I n p o i n t of f a c t , t o d a t e a l l l a b o r a t o r i e s have r e p o r t e d almost i d e n t i c a l t r a n s i t times even though t h e t h i c k n e s s of t h e samples d i f f e r e d by 1 5 t o 1.. W e do n o t b e l i e v e t h i s is a concidence. As we have d i s c u s s e d i n d e t a i l i n r e f e r e n c e ( 2 ) , t h e photo-response cannot be s o l e l y due t o a " d r i f t i n g sheet" of charges. T h i s i s t r u e , d e s p i t e t h e Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19814122 f a c t t h a t t h e apparent t r a n s i e n t time v a r i e s inversely with t h e applied voltage. The non-transport component of t h e t r a n s i e n t pulse i s more apparent when observed under small forward bias. s e e t h e s t r a n g e r e v e r s a l i n t h e photocurrent, j u s t a s was seen i n a-Si:H:F. The presence of t h i s unfamiliar phenomena i n a-Si:H a s i n a-Si:H:F cannot b e explained i n a simple d r i f t model, because n e i t h e r t h e amplitude nor t h e time of r e v e r s a l ,
s c a l e s c o r r e c t l y with t h e applied f i e l d . W e conclude, t h a t t h e dominent c o n t r i b u t i o n t o t h e photo-response i n t h i n samples r e s u l t s from a space charge re-orientation due t o t h e photo-excitation within t h e Schottky b a r r i e r .
Since t h e space charge relaxat i o n pulse width i s i n s e n s i t i v e t o t h e sample thickness, a "constant time" would b e i n f e r r e d and therefore, t h e deduced mobility w i l l appear t o i n c r e a s e with L~/ V instead of decreasing with thickness a s predicted v i a d i s p e r s i v e t r a n s p o r t (5).
This i n t e r p r e t a t i o n i s reinforced by t h e r e s u l t s r e c e n t l y reported by Nielson e t a l . (1).
The observed an i n c r e a s e i n t h e apparent d r i f t mobility i n a-Si:H, ranging from 10-'cm2/Vsec f o r LSlpm t o 1.2 ~m -~i v s e c f o r L = i'.5lym. These a r e i n agreement with t h e r e s u l t s and discussions presented above. The more recent i n t e rp r e t a t i o n of d i s p e r s i v e t r a n s p o r t i n a-Si, i s i n terms of a n exponential d i s t r i b u t i o n of t r a p s (6, 7) . This model too p r e d i c t s an apparent mobility which e i t h e r remains constant o r decreases with thickness, depending upon t h e sample temperature. Thus, one i s hard pressed t o i n t e r p r e t ~i e l s o n ' s d a t a (1) except through an extraneous near s u r f a c e space charge contribution.
A s a p a r t of our s t u d i e s , we found t h a t we could experimentally determine t h e p o t e n t i a l , o r t h e i n t e r n a l f i e l d p r o f i l e of t h e junction between t h e blocking contact and t h e amorphous i n s u l a t i n g film. I n t h e l i g h t of t h e r o l e of t h e junction response i n t h e t r a n s i e n t d r i f t mobility measurement i n these systems, it i s appropriate t o r e p o r t on some r e c e n t l y obtained p o t e n t i a l p r o f i l e d a t a i n a-Si:H.
A s discussed i n d e t a i l i n reference ( 3 ) , t h e physical b a s i s of t h i s measurement is t o n u l l t h e i n it i a l photo-current .l(t=of), by varying t h e applied forward b i a s f o r a given forward b i a s ) . Notice, t h e photo c u r r e n t r e v e r s e s s i g n from i n i t i a l l y n e g a t i v e t o a f i n a l p o s i t i v e value. a b s o r p t i o n depth of t h e i n c i d e n t pulsed l i g h t . Where I n equation 1, e i s t h e e l e c t r o n i c charge, un and v a r e t h e e l e c t r o n i c and h o l e mob i l i t i e s r e s p e c t i v e l y , n(x) t h e excess f r e e c a r r i e r p d e n s i t y . E(x) is t h e t o t a l f i e l d , which f o r s h o r t v o l t a g e p u l s e times, is:
Where E.(x) i s t h e required i n t e r n a l f i e l d and V t h e a p p l i e d pulsed e x t e r n a l v o l t a g e a c r o s s h e sample of t h i c k n e s s L. The photo generated f r e e c a r r i e i ; d e n s i t y is:
Where a i s t h e a b s o r p t i o n c o e f f i c i e n t ; t h e r e f o r e t h e ~( t = o + ) i s zero f o r an e x t e r n a l f i e l d V(cr)null when:
Since a is a f u n c t i o n of t h e e x c i t a t i o n wave l e n g t h , by varying t h e wavelength of t h e l a s e r l i g h t say m times, one o b t a i n s m i n t e g r a l o r f u n c t i o n a l equations t h e type; -%-L Vnull(ak)
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